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L. On the Rule for ~nding the Yalue of an Annuity on three 
Lives. By] AUGUSTUS DE MorGAn, Professor of Mathe- 
matics in University College.* 
THE rule which was given by Thomas Simpson for finding 
the value of an ammity on three lives is as follows: Let 
A, B, and C be the three lives and let K be a single life, the 
annuity on which is equal to an annuity on tile joint lives of 
B and C; then the value of an annuity on the joint lives of 
A and K is the required annuity on the joint lives of A, B, 
and C. Tim.life A should be the youngest of the three. 
No reason has ever been given for this rule, simple as it is; 
and the only considerations of which I know, partaking of 
the nature of demonstration, and connected with it, are those 
by which Mr. Milne has shown that A should be tile youngest 
of the three, and also that, instead of interpolating the age of 
K to a fi'action of a year, the complete year of age next above 
the real age of K should be chosen. 
If the rule be examined by the hypothesis of equal decre- 
ments, and if ] - -a,  1--2a, &e. be the chances of A's living 
one, two, &c. years, and 1--/~, &c. 1--T, &c. the same for 
B and C, the error of the rule, or at least its order, will be 
represented by the fraction 
2a~9' (r - -  interest of£1 for one year) 
r J. , 
whenever a, f3, T are so small that ~/3 T is small compared 
with r *. . As far as my investigations go, I doubt if, on the 
hypothesis of equal decrements, the rule would be a good ap- 
* Communicated by the Author. 
Phil. Mag. S. :]. Vol. 15. No. 97. Nov. 1839. Z 
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338 Rule for~nding the Value of an Annuity on three Lives. 
roximation when a/3 ~/is not a small fraction of r 4 ; and this P . . . .  
may account for De Molvre not having noticed a rule whmh 
would, it might be imagined, present itself or trial at least, to 
any one who was considering the subject for the first time. 
A much more satisfactory account of this rule can be given 
from the xpression for the law of human mortality which was 
given to the Royal Society, by Mr. Benjamin Gompertz, in 
1825. That law is as follows : The number living at x years 
from a given age (upwards of 10) may be represented by 
Ag q where Ag is the number living at the given age. 
The constants do not retain their value dm:ing the whole of 
life; Mr. Gompertz, for instance, finds one set of values re- 
presenting the Carlisle tables very nearly fi'om 10 to 60, and 
another from 60 to 100. The closeness with which this theory 
represents the Northampton, Sweden, Carlisle, and Depar- 
cieux's tables may be seen in the paper cited; and it adds 
not a little to the speculative value of the formula, that its 
author has deduced it from so simple a principle as that the 
laower of the human constitution t  oppose decade loses equal pro- 
~ortions in equal times. 
I f  Mr. Gompertz's theory were accurately true, with a uni- 
form vahm of the constants, throughout the whole remainder 
of life, Thomas Simpson's rule would no longer be an approxi- 
mation, but an exact method. Let Ag q be the number li- 
ving at the age of A, and let B be j/years older than A, and C 
z years older than B. Consequently the numbers now-alive 
in tile table at the 8ges of B and C will be 
A g q a+y+x x A gq and or A h q and A k ~ 
where h = gqY k ---- g ~tu+z 
Hence the chances of the parties living t years are 
g qx(qt_t ) , h q x (qt_l), kqX(ft_l)  
and, v being the present value of .~1 to be received in one 
year, the value of the annuity is 
q ,v(q_l ) q x (q~--l) 
(ghk) + (gh ) .v  + . . . . . .  
Determine w and l from h k = g ~ '  = l, then it will be 
evident that if (1.) be called ¢ (ghk), we have ¢(ghk 
---- ¢ (g l), the annuity on the joint litb of A and anotherp whose 
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On measuring the relative Tension of Electric Currents. 339 
single life is worth ~ (l) or ~ (hk), the value of an annuity 
on the joint lives of B and C. 
The various causes of error in the preceding, arising fi'om 
the change in the values of the constants, will readily pre- 
sent themselves to those who have studied the subject. 
It is not, of course, necessary that the progression of powers 
should be precisely that of Mr. Gompertz, and the following 
theorem may easily be demonstrated. I fa ,  be the chance of 
a life living n years, and if 
a, --- (aa)P, , 
where T, is not a function of a, then the annuity on any 
number of lives is not altered in value if, instead of any part 
of those lives, a single life of equivalent value be substituted. 
LI .  On the Use of a Secondary Wire as a Measure of the 
Relative Tension of Electric Currents. By JoH~r W. DRAPER, 
M.D., Professor of Chemistry in the University ofNew York; 
late Prof of Physical Science in Hampden Sydney Coll ge, 
Virginia. 
[Continued fi'om p. ~79, and eoncluded.] 
B EFORE however we can go further in the study of these conditions of tension, or attempt to show that the arrange- 
ment of Volta, and a single pair under the influence of a long 
or thin wire, are, in point of fact, alike in principle, it is ne- 
cessary that we should understand the nature of the different 
disturbing actions that may arise in tile generating cells of 
the electromotor. 
• I took a zinc plate 7 inches long and 3 wide, and a corre- 
sponding copper : the surface of the former was amalgamated 
and the latter brightened. The plates were fixed at an im- 
movable distance fi'om each other, and immersed in a jar 
containing 34 ounces of water. SUL:PHUKIC aCID was then 
added by half drachms uccessively. 
TAnLE E. 
Exp. 
1. 
3. 
4. 
5. 
6. 
7" 
8. 
9. 
Quantity or'acid in drachms. Quantity. Tension. 
, .  . .  °•  . . . . . .  
1 , ,  . •  .•  •°  °•  . °  
1½ . . . . . . . . . . . .  
. . . . . .  • ° . . . .  
38 . . . . . . . . . . . .  
. •  , .  ° ,  ° °  ° .  . °  
8 °°  . . . . .  • ° .  , .  
~o 
39 
55 
7~ 
83 
98 
l~l 
~16 
.555 
.436 
.382 
.305 
"~77 
.~45 
.223 
.214 
.130 
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